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Abstract 

Diabetes is a prevalent condition that affects millions of people worldwide, 
posing significant health risks if not properly managed. This project aims to 
develop a non-invasive blood glucose monitoring device, offering a convenient 
and safe alternative for diabetic patients. By utilizing the conductivity mea- 
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Respiration rate. potentiometer to convert the analog signal to digital voltage. The Arduino UNO 
incorporates an interpolation equation to establish the relationship between 
voltage and glucose levels, displaying the results on an LCD display. By com- 
paring the obtained glucose value with the normal reference blood glucose 
range, the device can determine if the patient’s glucose level is normal, high, 
or low. This technique proves to be time-efficient and cost-effective, reducing 


pain and minimizing the risk of infection associated with invasive methods. 


1. Introduction levels regularly. Additionally, the need for frequent 
blood sampling poses a risk of infection and other 
complications, especially in individuals with poor 
circulation or compromised immune systems (Y. Li 
et al.). Therefore, there is a growing need for non- 
invasive alternatives that can provide accurate and 


continuous glucose monitoring without the draw- 


Diabetes is a chronic metabolic disorder character- 
ized by high blood glucose levels. It affects millions 
of people worldwide and can lead to serious compli- 
cations if not managed properly. Effective diabetes 
management relies on regular monitoring of blood 
glucose levels to make informed treatment decisions 


and maintain glycemic control (Rajesh, Kumar, and 
Seshadri). Traditionally, blood glucose monitoring 
has been performed using invasive methods such as 
fingerstick tests, which involve pricking the skin to 
obtain a blood sample for analysis. 

Invasive blood glucose monitoring methods, 
while effective, have several limitations and draw- 
backs. They can be inconvenient and painful, lead- 
ing to decreased compliance and reluctance among 
individuals with diabetes to monitor their glucose 
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backs associated with invasive techniques. 


Noninvasive blood glucose monitoring methods 
aim to measure glucose levels without the need for 
blood sampling or skin penetration. These meth- 
ods utilize various physiological parameters and sig- 
nals to estimate blood glucose levels indirectly. One 
such promising approach involves using pulse and 
respiration rate as indicators of blood glucose lev- 
els (Wang, C. Li, and Y. Jiang). The rationale behind 
this approach lies in the fact that glucose metabolism 
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affects the cardiovascular and respiratory systems, 
leading to observable changes in pulse and respira- 
tion rate. 

By leveraging these physiological changes, non- 
invasive blood glucose monitoring using pulse and 
respiration rate offers the potential for continuous, 
real-time glucose monitoring that is comfortable and 
convenient for individuals with diabetes (Zhu, Zeng, 
and Tan Liu et al. Y. Zhang, Zhou, and D. Zhang). 
It eliminates the need for frequent finger stick tests 
and allows for more frequent monitoring, providing 
valuable insights into glycemic trends and fluctua- 
tions throughout the day (Z. Chen, Y. Sun, and Zhao 
Y. Jiang, X. Zhang, and Guo L. Chen, Y. Zhang, 
and Q. Chen Jangam and Natarajan). Moreover, 
noninvasive methods have the potential to enhance 
diabetes management by enabling early detection 
of hypo- or hyperglycemic episodes and facilitating 
prompt intervention to prevent complications. 


In recent years, advancements in technology and 
signal processing techniques have paved the way for 
the development of noninvasive blood glucose mon- 
itoring devices based on pulse and respiration rate 
measurements (Fazel-Rezai and Bolic Cheng, Yao, 
and L. Sun Makino et al.). These devices typically 
employ optical sensors, such as photoplethysmogra- 
phy (PPG), to capture and analyze the physiological 
signals associated with glucose metabolism. 


However, despite the potential advantages of non- 
invasive blood glucose monitoring using pulse and 
respiration rate, further research and validation are 
required to establish its accuracy, reliability, and 
practicality. This paper aims to contribute to the 
growing body of knowledge in this field by present- 
ing a comprehensive study on the feasibility and 
effectiveness of this noninvasive monitoring tech- 
nique. 


2. Methodology 


Our non-invasive blood glucose monitoring device 
employs a novel technique that utilizes near-infrared 
(NIR) light to measure blood glucose levels. In this 
method, the human finger is exposed to NIR light of 
a specific wavelength, allowing the photons to inter- 
act with the blood sample (Xu and Y. Li J. Jiang 
and L. Zhang). By analyzing the transmitted and 
absorbed NIR signals, we can calculate the glucose 
level in milligrams per liter (mg/l). The underly- 
ing principle is based on the fact that NIR rays can 


2023, Vol. 05, Issue 06 June 


penetrate through blood, and the refraction index 
is directly proportional to the sugar content. This 
technique takes into account the pulse and respi- 
ration rates to evaluate the relationship over time 
intervals. By measuring the voltage and applying a 
mathematical equation, we can accurately determine 
the blood glucose level. The device incorporates 
both hardware components for signal acquisition 
and mathematical formulas for glucose level deriva- 
tion. This innovative approach offers a non-invasive 
and efficient method for blood glucose monitoring 
in both diabetic and non-diabetic individuals. The 
schematic diagram for the proposed system is shown 
in figure 1. 
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FIGURE 1. Flow diagram of proposed method 


The pulse and respiration rate are utilized as indi- 
cators to estimate blood sugar levels based on con- 
ductivity. The presence of ketone content in the 
blood flow leads to conductivity variations, which 
can be detected using a near-infrared (NIR) signal. 
A potentiometer is employed to measure the volt- 
age corresponding to the conductivity. An Arduino 
Nano microcontroller is utilized to acquire the ana- 
log signal from the electrodes and convert it into a 
digital output. The necessary program is developed 
and implemented on the Arduino Nano to obtain the 
desired outputs. The LCD display is incorporated to 
visually present the output values, including glucose 
and temperature. Additionally, a temperature sensor 
is connected to the Arduino to concurrently measure 
body temperature. 


2.1. Hardware Description: 


Capacitor Sensor (Breath Analyzer Sensor): The 
breath analyzer sensor is a key component of the 
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hardware setup. It is designed to detect and mea- 
sure the composition of breath, particularly the con- 
centration of volatile organic compounds (VOCs) 
that can provide insights into the user’s health sta- 
tus. This sensor typically consists of a capacitive 
sensing element that interacts with the breath sam- 
ple which is shown in the figure 2. As the VOCs in 
the breath come into contact with the sensing ele- 
ment, they cause changes in the capacitance, which 
can be measured and correlated with different breath 
parameters, such as alcohol levels or ketone levels. 


FIGURE 2. Breath analyzer sensor 


PPG Sensor: In the figure 3 shows the PPG sen- 
sor, based on photoplethysmography technology, is 
used to measure pulse and blood volume changes. 
It typically includes an infrared LED (emitting light 
in the near-infrared spectrum) and a photodetector. 
The LED emits light into the skin, and the photode- 
tector detects the variations in light intensity caused 
by blood volume changes during each cardiac cycle. 
These variations are captured as a photoplethysmo- 
gram, which represents the pulsatile nature of blood 
flow. The PPG sensor provides information about 
heart rate and can be used to extract pulse wave 
characteristics for blood glucose monitoring, such as 
pulse amplitude, pulse width, and pulse transit time. 

Arduino NANO: The Arduino NANO is a com- 
pact microcontroller board that serves as the brain of 
the blood glucose monitoring device. It is respon- 
sible for coordinating the various components and 
processing the acquired data. The Arduino NANO 
is equipped with an Atmel microcontroller, which 
runs the firmware controlling the device’s operation. 
It interfaces with the sensors, collects the data, per- 
forms necessary calculations or signal processing, 
and communicates with the display module for user 
interaction. 

Potentiometer: A potentiometer, also known as 
a variable resistor, is utilized for calibration and 
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FIGURE 3. Photoplethysmography 


adjustment purposes in the blood glucose monitor- 
ing device. It allows for precise control of certain 
parameters, such as sensitivity or threshold values, 
by adjusting the resistance. This enables customiza- 
tion of the device to match individual requirements 
or to account for variations in sensor characteristics. 


3. Experimental Results 


This project presents a non-invasive method for 
measuring blood glucose levels using photoplethys- 
mography (PPG) and a capacitor sensor. The objec- 
tive is to overcome the limitations of invasive tech- 
niques and provide a painless and cost-effective 
solution for blood glucose monitoring. The PPG 
technique involves collecting a signal from a fin- 
ger sensor, which consists of a photodiode and an 
infrared LED light. When the LED light stimulates 
the adrenal glands, the secretion of catecholamines, 
including adrenaline and nor-adrenaline, is trig- 
gered. This results in an increase in heart rate, blood 
pressure, and respiration rate. As heart rate and res- 
piration rate increase, the pulse rate also increases, 
affecting the conductivity of blood and thus the 
sugar level. By determining the ratio of sugar level, 
the cutting and cut-off time of the pulse and respi- 
ration rate can be obtained. The refractive index of 
the blood is directly proportional to the blood sugar 
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FIGURE 4. Experimental setup 


level. 


FIGURE 5. Real time hardware experimental 
testing 


The hardware setup includes a potentiometer to 
measure the conductivity as voltage. The Arduino 
Nano microcontroller is utilized to convert the ana- 
log signal to a digital voltage value. A mathemati- 
cal equation is established to establish the relation- 
ship between the pulse rate, respiration rate, voltage, 
and glucose level. This equation is programmed into 
the Arduino Nano, and the resulting glucose value is 
displayed on an LCD display. The obtained glucose 
value is compared with the normal reference blood 
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glucose level of 80-120 mg/dl to determine whether 
the patient’s blood glucose level is normal, high, or 
low. The figures 4 and 5 shows the real time imple- 
mentation and testing. 

This non-invasive technique offers a_ time- 
efficient and cost-effective approach to blood glu- 
cose monitoring, providing a valuable alternative to 
invasive methods. 


TABLE 1. Experimental results of the noninva- 
sive method 


SAMPLE PULSEAND GLUCOSE 
RESIPA- LEVEL 
TORY (mg/dl) 
RATE(CON/SE 
Sample | 78 85 (normal) 
Sample 2 138 145 (high 
sugar) 


Sample 3 70 70 (low sugar) 


The noninvasive method using pulse and respira- 
tion rate for blood glucose monitoring offers greater 
comfort and convenience compared to existing inva- 
sive techniques. Patients do not need to endure the 
pain and discomfort associated with finger pricking 
or the insertion of sensors into the skin. The non- 
invasive approach provides a painless and hassle- 
free alternative. Invasive techniques, such as finger 
pricking or continuous glucose monitoring (CGM) 
systems, carry a risk of infections and complica- 
tions. Puncturing the skin can introduce pathogens, 
leading to infections. Additionally, invasive meth- 
ods may cause skin irritation or allergic reactions. 
Noninvasive methods eliminate these risks, as they 
do not require skin penetration or direct contact with 
bodily fluids. The noninvasive method promotes 
better user compliance due to its ease of use and 
reduced discomfort. Some individuals may be hes- 
itant to perform frequent blood glucose tests using 
invasive techniques, leading to inconsistent monitor- 
ing. The noninvasive approach encourages regular 
monitoring, which is crucial for effective diabetes 
management. 

This method can offer cost advantages compared 
to invasive techniques. Invasive techniques often 
require the use of disposable lancets, test strips, or 
sensors, which can add up to significant expenses 
over time. It may have lower long-term costs, as 
they typically involve the use of reusable devices 
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and do not require frequent replacement of consum- 
ables. 


TABLE 2. Comparison of the noninvasive 
method with existing invasive techniques 
SAMPLE NON INVASIVE 
INVASIVE METHOD 
METHOD 
Sample | 81 80 
Sample 2 140 139 
Sample 3 fie 74 
150 
my m NON INVASIVE 
a4 METHOD 
m INVASIVE 
0 METHOD 
‘ v 
4 Se Se 
ss s s 


Chart 1: Comparison of the non-invasive method 
with existing invasive method. 


Thus the proposed method has the potential for 
greater accessibility and availability, particularly in 
resource-limited settings. Invasive techniques may 
require specialized equipment, trained personnel, 
or continuous supply of disposable components. 
Noninvasive methods, such as the pulse and res- 
piration rate approach, can be implemented with 
widely available and affordable hardware compo- 
nents, making them more accessible to a larger pop- 
ulation. 


4. Conclusion 


The noninvasive method of blood glucose moni- 
toring using pulse and respiration rate proves to 
be a promising alternative to invasive techniques. 
It eliminates the need for painful procedures and 
reduces the risk of infections and complications. 
The hardware setup, including sensors and micro- 
controllers, provides an effective and cost-efficient 
solution for accurate measurements. Comparisons 
with invasive techniques highlight the advantages of 
the noninvasive method, such as improved comfort, 
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enhanced compliance, and potential for continuous 
monitoring. Further research and development in 
this field can lead to even more accurate results and 
increased accessibility through wireless connectiv- 
ity and mobile applications. Overall, this noninva- 
sive approach has the potential to revolutionize dia- 
betes management and improve the quality of life 
for individuals with diabetes. 
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